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The ha l f - l i fe  (TI/2) of the pro te ins  and ey tocho rme  c of rabbi t  myoca rd ia l  mi tochondr ia  was 
de te rmined  by the use  of g l y c i n e - l - C  14 and aminolevulinic ac id-H 3, r espec t ive ly ,  as p r e c u r s o r s .  
T1/2 of cy toch rome  c, ca lcula ted  f rom the dynamics  of the d e c r e a s e  in content  Of the label  in 
the c o u r s e  of s e v e r a l  weeks  of investigation,  was  11.8 days and TI/2 of the mi tochondr ia l  p r o -  
teins 14.4 days.  The deg ree  of reut i l iza t ion of glycine-C 14 in s t ruc tu ra l  me tabo l i sm was about 
20%. No change was found in the r a t e  of degradat ion of the mi tochondr ia  in rabbi t s  with a l -  
lergic  myoca rd ia l  damage.  
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Mitochondria (except the components  of the outer  m e m b r a n e  and ce r t a in  soluble enzymes)  a r e  r e -  
placed as  a single entity [7, 9]. It is not yet  c l e a r  whether  degradat ion of the mi tochondr ia  takes p lace  
through phagocytos is  by l y s o s o m e s  [12] or  through gradual  decay.  This  accounts  for  the in te res t  in the 
study of degradat ion of mi tochondr ia  in pathological  s ta tes ,  often connected with an i nc r ea se  in the number  
of l y s o s o m e s  and the labi l izat ion of the i r  s t ruc tu re .  

. To de t e rmine  the ha l f - l i f e  (T1/2) of mitochondria ,  it is convenient  to use  labeled 5-aminolevulinic acid 
(5-ALA). When taken into the body, 5-ALA is incorpora ted  into the pros the t ic  group of the mi tochondr ia l  
cy tochromes  ( incorporat ion of label  into the apoenzyme is not significant [7]), a f t e r  which, as the mi tochon-  
dr ia  decay,  it is excre ted  as  bi l i rubin and is not reut i l ized in s t ruc tu ra l  me tabo l i sm  of the t i s sues  [7, 9]. 
Amino acids as p r e c u r s o r s  of mi tochondr ia l  pro te ins  when l ibera ted  during pro te in  breakdown can be r e u t i -  
l ized, thus d is tor t ing  the t rue  r a t e  of breakdown. Compar i son  of data  obtained by the use  of a nonreut i l iz -  
able p r e c u r s o r  and values obtained by the use  of an amino acid re f lec t s  the deg ree  of reut i l iza t ion  of the 
usable  compound [14]. 

The object  of this invest igat ion was to de t e rmine  T1/2 for  rabbi t  myoca rd ia l  mi tochondr ia  under  nor -  
mal  conditions and in exper imenta l  a l lergic  myocard ia l  damage.  

E X P E R I M E N T A L  M E T H O D  

Male rabbi t s  weighing 2.2-2.8 kg w e r e  used. G l y c i n e - l - C  14 (V/O "izotop," USSR, specific act ivi ty 
6.2 m C i / m m o l e )  and 5-ALA-H 3 (Radiochemical  Centre ,  A m e r s h a m ,  England, specif ic  act ivi ty 2 C i /mmole )  
w e r e  injected intravenously in doses  of 50 pCi and 450 ~Ci /kg  respec t ive ly .  Al lergic  myoca rd ia l  damage  
was induced by repea ted  injection of no rma l  ho r se  s e r u m  into the rabbi t s  [1]. The 5-ALA-H 3 was injected 
10 days,  and g l y c i n e - l - C  14 seven days,  a f t e r  the appea rance  of pathological  changes .  The control  an imals  
rece ived  inject ions of physiological  sa l ine  instead of h o r s e  se rum.  The hea r t  was  removed  f rom the ani -  
ma l s  under  e ther  anes thes ia ,  at var ious  t imes  a f t e r  injection of the isotope o r  physiological  sal ine,  and r e -  
peatedly washed with 0.15 M KC1 solution to r e m o v e  the blood. The minced t i s sue  of the ven t r ic les  was 
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Fig. 1. Chromatography of eluate of mitochondria  on CM-cel lu lose  in phosphate 
buffer gradient  (pH 6.8). Dimensions of column 0.5 x 20 cm. Rate of  elution 3 
ml /h .  Cytochrome c eluted with 0.2 M phosphate buffer: 1) extinction at 405 nm; 
2) extinction at 280 nm. 

Fig. 2. Dynamics  of fall of specific radioact ivi ty of cy tochrome  c and mitochon-  
dr ia l  proteins f rom normal  hear t :  1) cy tochrome  c labeled with 5-ALA-H3; 2) 
mitochondrial  proteins  labeled with g lyc ine - l -C  14 (curve calculated by method of 
least  squares).  Each point r epresen t s  resul ts  of experiment on two animals.  
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Fig. 3. Dynamics  of fall in 
specific radioactivity of cy to -  
ch rome  c and mitochondrial  
proteins of hear t  with exper i -  
mental  al lergic damage.  Ab- 
scissa ,  t ime (days) f rom 
beginning of development of 
pathological p r ece s s  in heart .  
Remainder  of legend as in 
Fig. 2. 

homogenized with a Teflon pest le  in 0.25 M suc rose  solution with 0.01 
M t r i s  buffer, pH 7.4, and the mitochondria  were  sedimented and r e -  
precipi tated twice by centrifugation within the range 600-9000 g. Cy-  
tochrome c was extracted from the mitochondria  with 0.15 M KC1 so -  
lution [11] and then purified on two columns of CM-cel lu lose  [13]; it 
was then determined quantitatively f rom the extinction at 405 nm, using 
a coefficient of mola r  extinction of 93.6-103 [16]. Mitochondria con-  
taining g lyc ine - l -C  u and the t i ssue  homogenate in the experiments  
with ALA were  each t reated with TCA in a final concentrat ion of 5%. 
The precipi tated proteins were  washed three t imes with 2.5 % TCA, 
defatted and dried with alcohol and ether,  and hydrolyzed in 0.3 N KOH 
solution; the digest  was used to de termine  radioactivi ty by means of a 
liquid scinti l lation counter,  the samples for counting containing not 
m o r e  than 1-2 mg protein.  Carbon-14 was determined by the method 
of Wannemacher  et al. [18], and tr i t ium in B r a y ' s  mixture  [5]. The 
radioact ivi ty of cy tochrome  c (fractions removed from the column) was 
determined in a Tri ton X - 1 0 0 - t o l u e n e - w a t e r  mixture  (ratio 4 : 3 : 3 
selected experimentally);  the toluene contained 2,5-diphenyloxazole 
and 1,4-di[2-(5-phenyl)-oxazolyl]benzene (POPOP) in quantities of 12 
and 300 m l / l i t e r  respect ively  [8]. The efficiency was determined by 
channel rat io method. Protein was determined by" the method of Lowry 
et al. [15]. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The ra te  of turnover  of the prosthet ic  group of cy tochrome  c and the apoenzyme is evidently identical 
[3], which means  that labeled ALA, incorporated into heme during its biosynthesis ,  can be used as the cy to-  
ch rome  p recu r so r .  The elution curve  f rom the f i rs t  CM-cel lu lose  column af ter  application of mitochondrial  
extract  is shown in Fig. 1. Cytochrome c was etuted by 0.2 M phosphate buffer (fraction No. 6). The rat io 
between extinctions at 405 and 280 nm for this fract ion varied between 3.1 and 4.1, the theoret ical  value 
being 4.03. Rechromatography of the cy tochrome  c fract ion on a CM-cel lu lose  microcolumn yielded a m o r e  
purified preparat ion.  The spect rum of the fract ion recorded  between 250 and 600 nm corresponded closely 
to the spec t rum of oxidized cy toch rome  c [16]. 

F r o m  the fall in the specific radioactivi ty of cy tochrome  c during the 14 days of investigation, plotted 
on a semilogar i thmic scale,  the value of T1/2 for  cy tochrome  c was calculated to be 11.8 days (Fig. 2). By 
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de te rmin ing  T1/z with the aid of glycine-C 14, a somewhat  higher  value was obtained, namely 14.4 days.  It 
can be ca lcula ted  [14] that the deg ree  of reut i l iza t ion of this amino acid is 22 %. 

The value of T1/2 for  c y t o c h r o m e  c, which accord ing  to our  ca lcula t ions  was 11.8 days,  sugges ts  that 
with r e spec t  to this index the mi tochondr ia  of the rabbi t  myocard ium do not d i f fer  significantly f rom the 
mi tochondr ia  of r a t  l ive r ,  T1/2 for  which l ies  between the l imi t s  of 6 and 12 days.  

According  to informat ion in the l i t e r a tu re ,  T1/2 for r a t  l ive r  and hear t  mi tochondr ia  is identical  [3, 9]. 
Other  w o r k e r s  [12, 17], however ,  found d i f fe rences  between T1/2 for  mi tochondr ia  f rom the hear t  and l iver .  

Evidence is accumula t ing  in the l i t e r a tu r e  to show that the no rma l  decay of mi tochondr ia  may be d i s -  
turbed under  var ious  conditions: acce le ra t ion  of this p r o c e s s  in some  organs  has  been obse rved  in hypoxia 
[4], a f t e r  admin is t ra t ion  of thyroxine  [10], and during adaptation to cold [6]. 

E l e c t r o n - m i c r o s c o p i c  invest igat ions of the myoca rd ium a f t e r  a l lerg ic  damage  [2] have  revea led  a c -  
t ivation of the l y sosoma t  s y s t em  7-20 days  a f te r  the appea rance  of pathological  changes ,  and this could 
modify T1/2 of the t i s s ue  pro te in  s t ruc tu re s .  It mus t  be r e m e m b e r e d  that on the 10th-20th day of deve lop-  
ment  of pathological  changes in the hear t ,  mi tochondr ia l  prote in  synthes is  is act ivated [1].  Under  those  
conditions the change in specif ic radioact iv i ty  re f lec t s  the r a t e  of dilution of the label  as a resu l t  of syn-  
thes is ,  whe reas  the d e c r e a s e  in the content of label  in the organ  as a whole mus t  s e r v e  as index of the ac -  
tual ra te  of breakdown [14]. 

Determina t ion  of the dynamics  of e lmimnat ion  of both ALA-H 3 and glycine-C u (Fig. 3) in fact  yielded 
a cu rve  with an inflection: to begin with the re  was a rapid d e c r e a s e  in the content  of the label,  which could 
be connected with act ivat ion of synthes is ;  the content  of label  then fell at  the s a m e  ra te  as normal ly  (P > 
0.05). T1/2 de te rmined  with the aid of gtycine-C 14 was 16.2 days and with the aid of ALA-H 312.2 days.  
These  r e su l t s  indicate  that  mi tochondr ia  synthes ized under  pathological  conditions have a near ly  normal  
half- l i fe .  
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